Introduction
Widespread infections are responsible for 10-50% of deaths in intensive care units -ICUs - 1 , due release and formation of reactive oxygen species (ROS), important in the development of septic shock 2, 3 . Healing is a complex process divided into phases that follow chronologically and are interposed: homeostasis, proliferative phase, contraction and remodeling. In order and practically instantly, hemostasia 4 occurs first, when there is an exposure of tissue factor and collagen. Thus platelets are recruited -primary homeostasis -and the cascade of coagulation begins, activating coagulation factors and their cofactors -secondary homeostasis 5 . Followed up, there is an inflammatory response called reactive phase 5 . The body aims to eliminate the harmful agent and try to limit tissue injury. During this phase, all signs of inflammation: pain, heat, redness and loss of function occur. The vessels dilate and the capillary permeability increases resulting in an inflammatory exudate of polymorphonuclear cells and macrophages 6 . The macrophages are truly essential to the healing process, since it "orchestrate" the release of cytokines that stimulates the subsequent healing process 4, [7] [8] [9] . Next, there is the proliferative phase characterized by angiogenesis, fibroplasias and ephithelialization 7 . Collagen has an important role in this healing phase, that's why it is the main responsible for the wound resistance 8 . Finally, wound contraction occurs, reducing the disruption of healing and scar remodeling. The contraction stems from an interaction of ECM -extracellular material -with fibroblasts. At remodeling phase there is a reduction and elimination of granulation tissue, with a reorganization of collagen, strengthening the scar.
During sepsis, there is a great oxidative stress 10 that disrupts the healing process by poor collagen production and exacerbated starting immune response -inflammation 9 . Thus the process of repair and remodeling are interrupted, increasing the incidence of dehiscence.
The suture dehiscences of the abdominal wall are potential complications of abdominal surgeries. They are associated with high morbidity and mortality rates, aggravating the patient's condition and increasing the treatment costs 1, 11 . Factors that affect healing are: blood supply, the line tension, the extent of inflammation, the presence of contaminants, the patient's nutritional status and the use of drugs 6 . Therefore the study of the healing process after surgical procedures in septic conditions has extreme clinical importance, since surgical dehiscence are important factor of the patient's condition, increasing morbidity and mortality. Thus, the study aims to evaluate the healing of the abdominal wall in conditions of sepsis, seeking decisive structures that affect the healing process.
Methods
The study was conducted at the Laboratory of Experimental Surgery, Faculty of Medicine, University of Brasilia -UnB. The research project was evaluated and approved by the Ethics Committee on Animal Use (CEUA) -Institute of Biological Sciences, University of Brasilia. The study was carried out within the guidelines of the Brazilian College of Animal Experiments (COBEA).
Forty male and healthy Wistar rats, Rattus norvegicus, aged between 90 and 120 days and initial body weight between 371 and 592 g were used. During the preoperative period, they were kept for two weeks in cages with five animals each, on a 12 hours artificial light and 12 hours darkness regimen. The rats received standard diet and water ad libitum. There was no preoperative fasting.
The animals were divided into 2 groups: * group (E) -animals with abdominal sepsis euthanized on day 3 (n = 10) or day 7 (n =10) after surgery; * control group (C) -animals under physiological conditions euthanized on day 3 (n =10) or day 7 (n = 10) after surgery.
General anesthesia was performed with xylazine hydrochloride 10 mg / kg and ketamine hydrochloride 75 mg/kg intramuscularly. All surgical procedures were performed by the same surgeon. The animals, after anesthesia, were placed on the surgical board in supine positionwith their fore and hind limbs fixed in abduction. It was performed the trichotomy of the anterior wall and antisepsis procedures with polyvinylpyrrolidone iodine.
The surgical procedure consisted in a laparotomy of 4 cm in length, with the distal end at 1 cm of the external genitalia of animals.
In group E, sepsis was induced using the method proposed by Wichterman and colleagues (1980) 12 which consists of the partial ligation of the cecum. It causes increased pressure within this segment of the intestine without ischemia and it allows free transit of intestinal contents from small intestine to the large intestine. Following, the cecum punctures were performed with venipuncture needle 40 x 13.
In all animals, the resection of 1 cm segmente of the left colon was performed In all animals, the resection of 1 cm segment of the left colon was performed at about 2.5 to 3.5 cm above the peritoneal reflection. The reconstruction of intestinal transit was made by end-to-end segment anastomosis, in single transmural with continuous stitches of polypropylene 6.0 (Shalon®) with cylindrical needle.
The synthesis of the abdominal wall was performed in two planes of continuous stitches of silk 3.0 (Shalon®). Postoperative analgesia was performed with 0.01 mg buprenorphine / kg subcutaneously every 12 hours.
The animals were placed in cages where they received standard diet and water ad libitum. They were clinically evaluated for signs of infection (erection of hair, presence of diarrhea, lethargy and darkening eyes) that will be graded on the following scale: 0 -absent; 1 -mild; 2 -moderate; 3 -strong; 4-intense.
The reoperation was performed on schedule (3 or 7 days after the operation). The animals were anesthetized and it was performed a resection of a rectangular area at abdominal wall of 5 by 6 cm covering the wound. Next, we evaluated macroscopically the abdominal cavity. The animals were killed by an overdose of tionenbutal.
The study was carried out by tensile strength testing apparatus called digital VersaTest (Mecmesin Versa Test, United Kingdom) coupled to a digital dynamometer AGF (Mecmesin Versa Test, United Kingdom). The rectangular fragment of tissue was fixed at both ends by the upper clamp of the dynamometer and the bottom clamp of the Versa Test. The breaking value was expressed in Newtons (N).
Histopathology analysis was made in optical microscopy by an experienced pathologist. We evaluated the following parameters: polymorphonuclear infiltrate, mononuclear infiltrate, fibroblasts, neovascularization, collagen amount and edema. Each of these parameters was graded from 0 to 3. It was also looked after the presence (1) or absence (0) of histopathology abscesses, foreign bodies and fibrin.
Statistical analysis was carried out using the SPSS® software. To compare the groups at each assessment time, parametric and nonparametric tests was used, according to the nature of the variables. Values of p < 0.05 indicated statistical significance.
Results
There was no significant difference between groups in weight before and after surgery. Animals from the C3, C7 and E7 showed a weight decrease in the postoperative period ( Figures 1, 2 and Table 1 ). The clinical course of the animals was similar between groups. No rats had abdominal distention, hematoma and signs of surgical site infection. An animal of E7 group died during the study due to sepsis.
Seven animals in group E3 showed signs of peritonitis (three rats containing intra-cavitary abscesses). In the other three animals in group E3 blocked cecum was observed. There was no signs of peritonitis in the other groups. All animals in group E7 had blocked cecum.
The mean tensile strength necessary to overcome the resistance of surgical wounds in abdominal walls were: the third day study group (1.40 ± 1.22), the seventh day study group (13.01 ± 7.09); third day control group (0.34 ± 0.46), the seventh day control group (11.66 ± 7.38) ( There was a statistically significant difference in tensile strength of the wound of the abdominal wall in the third day study group (E3) compared with the third day control group (C3), with p <0.05. There was not a statistically significant difference in tensile strength among the groups of animals from the 7th day -E7 and C7 (Figures 3 and 4) .
Discussion
The normal healing is a complex process in which there is cell recruitment, extracellular matrix synthesis and cell replication. Didactically cicatrization can be divided into three basic stages 5, 8 : 1) acute response -from first to fourth day after the injury; 2) the proliferative phase -from fourth to the fourteenth day -and 3) phase of remodeling -from tenth day to several months. Therefore the analysis of groups of third day covered almost strictly the initial acute response to tissue injury, demonstrating values of breaking tensile strength much lower than the seventh day. In addition, during sepsis, muscle injury and acidosis lead to a release of iron present in myoglobin and hemoglobin further aggravating the framework of oxidative stress 3, 10 . Because of the recruitment of the immune system to fight infectious agent and high oxidative stress due to infection, the healing process is deregulated 13 . In this study, we found that sepsis, in the group of mice third day (E3 and C3), interfered in the process of healing on getting tensile strength of the wall (Figure 3) , although there was no significant difference in histopathological analysis of the wound in which groups.
The acute phase of healing is characterized by the recruitment of platelets, exposure oftissue factor and activation and recruitment of mast cells and neutrophils 4, 11 . Moreover, at this stage, the resistance of the wound depends on suture, as there is little collagen and these also are disorganized. Thus the resistance is gradually acquired by the migration and proliferation of fibroblasts in the healing process following steps 4, 11 . Although neutrophils are present in high numbers at this stage and they directly assist in the recruitment of macrophages 4, 11 , their essential role in normal healing has been refuted. Julia V. Dovi et al. 14 and Simpson et al. 15 showed that wounds in rats with low neutrophil function and low concentrations of neutrophils exhibited more rapid reepithelialization. In these studies, there were not loss in tensile strength of the wall or disorganization in collagen content of the wound, since neutrophils produce proteases that inactivate bioactive substances pro-healing and induce direct tissue injury. By contrast, neutrophils also produce a variety of growth factors and cytokines that promote tissue repair 4, 11 . Thus, the role of the neutrophil is ambivalent and it may be positive or negative for the healing process.
Because of the intense inflammatory process of sepsis, there are increased recruitment and activation of polymorphonuclear cells, leading to greater action of neutrophils. Thus the balance would hang to the neutrophil's downside: intense production of bioactive substances and proteinases that could disrupt the healing process 5 . The lower resistance observed in the E3 group compared to that observed in C3 (Figure 3 ) could demonstrate an activity There was no statistical differences, at the Fisher's exact test, regarding histopathological parameters: polymorphonuclear infiltrate, fibroblasts, neovascularization, collagen content, histopathology abscess, foreign bodies and fibrin in all groups (Tables 3 and 4 ). The group sacrificed on the seventh day with sepsis showed more intense mononuclear infiltrate than the control group (p = 0.033). There was no significant difference in mononuclear infiltrate in groups of the third day -E3 e C3 (Table 3) . of neutrophils more exacerbated due tosystemic inflammatory process. Although there was a significant difference in the number of polymorphonuclear cells in histopathology between these two groups (Table 4) , sepsis in the organism shows a large amount of circulating pro-inflammatory cytokines whose capacity of stimulating neutrophil activity is well documented. Corroborating to increased activation of neutrophils in the reactive phase of E3, group of seventh day with sepsis (E7) had higher mononuclear cells than its control (C7). Although some studies indicate a secondary role of neutrophils in macrophage migration in wound healing 11 , the ability of neutrophil's chemotaxis in increasing migration of macrophages is incontestable 5, 11 . Thus the higher activity of neutrophils could have increased migration of macrophages in the group E7 5 ,11 . As the later stages of healing -proliferative and remodeling -do not depend on function or concentration of neutrophils 11, 14, 15 , the tensile strength obtained by the wound in the groups of the seventh day (E7 and C7) has no significant difference between them.
Parameters
In addition, all animals in groups of seventh day had blocked their cecum. It indicates that their organism has begun to contain the infection caused by the process of sepsis induction in this study (cecum perforation). Therefore the systemic inflammatory process in these rats would be decreased. Then these animals are tending to cure the sepsis. Thus the group of seventh day could have less interference on healing process than what it was observed in the group of third day.
Conclusion
Induction of peritoneal sepsis reduced the breaking strength of the abdominal wall as measured on the third day after surgery, but did not affect the tensile force on the seventh day and the histopathological findings.
